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INTRODUCTION T he P lu to n iu m R e c y c le T e s t R e a c to r (P R T R ) is a h e a v y w a te r c o o le d and m o d e r a te d , v e r t ic a l p r e s s u r e tube r e a c to r . T he p r im a r y c o o la n t flo w s upw ard th rou gh 85 Z ir c a lo y -2 p r e s s u r e tu b e s at an a v e r a g e of 107 gp m . T he n o m in a l in le t c o n d itio n s a re 478 F and 1090 p s ig and the n o m in a l o u tle t c o n d itio n s a r e 530 F and about 1080 p s ig . T he c o n n e c tio n s b e tw e en the Z ir c a lo y p r e s s u r e tu b e s and the s t a in le s s s t e e l o u t-o fr e a c to r p ip in g a re b o lted fla n g e typ e c o n n e c tio n s w ith sp ira l-w o u n d , a s b e s t o s -f ille d g a s k e t s . T h is r e a c to r r e p r e s e n ts one of the f ir s t m a jo r e le v a te d te m p e r a tu r e a p p lic a tio n s o f Z ir c a lo y -2 a s a p r e s s u r e -c o n ta in in g s tr u c tu r a l m a t e r ia l. S in ce p r io r e x p e r ie n c e w ith Z ir c a lo y -2 in c o m p a r a b le o p e r a tin g e n v ir o n m e n ts c o n s is t s o n ly of a few y e a r s e x p e r ie n c e w ith s in g le tube t e s t lo o p s , a p r e s s u r e tube s u r v e illa n c e p r o g r a m h a s b een u n d e r tak en in con ju n ction w ith th e P R T R o p e r a tio n . T h is s u r v e illa n c e p r o g r a m c o n s is t s o f in -r e a c t o r m o n it o r in g ,^p r e ir r a d ia t io n testing^^^ and the p e r io d ic r e m o v a l o f s e le c t e d tu b e s fo r p o s tir r a d ia tio n d e s tr u c tiv e e x a m i n a tio n . T o d a te , th r e e tu b e s h ave b een r e m o v e d a fte r 2, 6, and 10 w e e k s of a c tu a l r e a c to r o p e r a tio n . T h is r e p o r t p r e s e n t s the o b s e r v a tio n s m ade on th e s e tu b e s and an a n a ly s is o f th e e ffe c t o f e x p o su r e to the r e a c to r e n v ir o n m e n t on th e p r o p e r tie s o f Z ir c a lo y -2 p r e s s u r e tu b e s.

SUM M ARY AND CONCLUSIONS T h r e e tu b e s have b een r e m o v e d fr o m the P R T R fo r d e ta ile d p o s t ir r a d ia tio n t e s t s and in
the w a ll at a s t r e s s e q u iv a le n t to about 85% of u ltim a te b u rst s t r e s s .
T he c r a c k did not th en p ro p a g a te the le n g th o f th e s p e c im e n u n d er th e s e s e v e r e c ir c u m s t a n c e s w h ich in d ic a te s that the m a t e r ia l is s t i l l b eh a v in g in a d u ctile m a n n e r at ro o m te m p e r a tu r e . tube w a s then a n n ea led and th e lo w e r end w a s tube r ed u ced fo r m in g the ta p e r and th e s m a ll d ia m e te r h e a v y w a ll s e c tio n . T o avoid e x c e s s iv e w arpage^ o n ly one h a lf of the tube w a s a n n ea led p r io r to the ta p e r in g o p e r a tio n . T he fin ish e d tube h a s th e u n u su a l co m b in a tio n o f b e in g 45% co ld w o rk ed fo r h a lf it s le n g th and a n n ea led fo r the o th er h a lf (F ig u r e 2). No e lo n g a tio n m e a s u r e m e n t s w e r e tak en . § L e s s than m e a s u r a b le u n ifo r m e lo n g a tio n . to 15% w ith ir r a d ia tio n . T h e r e a re in s u ffic ie n t r e s u lt s to date to be c e r ta in that th e s e c h a n g e s in d e fo r m a tio n p a ttern at the point o f fa ilu r e a re beyond the n o r m a l s c a t t e r o f b u rst t e s t r e s u l t s . T he tj^pical s e m id u c tile a p p ea ra n ce o f th e fr a c tu r e su r fa c e is show n in F ig u r e 10. 
. C lo s e -u p v is
T he d e s tr
T h e b u rst t e s t s w e r e run to d e te r m in e the e ffe c t of (1) the fr e ttin g c o r r o s io n , and (2) th e to ta l r e a c to r en v ir o n m e n t on the ro o m te m p e r a tu r e b u rst p r o p e r t ie s . T h e c o r r o s io n m a r k s that w e r e o b s e r v e d in th e
T he b u r st data to date a re s c a t t e r e d , but th e r e is an in d ica tio n that the ro o m te m p e r a tu r e b u rst str e n g th of the an n ealed Z ir c a lo y -2 p r e s s u r e tu b es is in c r e a s in g w ith e x p o s u r e . L a te r r e s u l t s , so o n to be p u b lish e d , c o n fir m th is str e n g th e n in g w ith e x p o s u r e .
C o m p a r iso n o f the b u r s t t e s t s e c t io n s show n in F ig
In non e o f the th r e e t e s t s o
t o f w h ich p e n e tr a te o n ly th rou gh the h yd rid e la y e r (F ig u r e 13). A s the s t r e s s in c r e a s e d s e v e r a l of th e s e c r a c k s b eg a n to p ro p a g a te th rou gh the tube w a ll. F a ilu r e o c c u r r e d when one o f the c r a c k s p e n e tr a te d the w a ll. T h e c r a c k w a s a r r e s te d e v e n though the s t r e s s in the tube w a ll w a s at le a s t 85% of the u ltim a te str e n g th o f the m e ta l, w h ich in d ic a te s that the tube b eh a v ed in a d u ctile m a n n e r . T h e o r e ti c a lly , a s h o r t d e fe c t that p r o p a g a te s th ro u g h a tube w a ll w ill end up w ith
an e f fe c t iv e c r a c k le n g th of tw ic e th e w a ll th ic k n e s s at the tim e it p e n e tr a te s (3) the w a ll. 
C r a c k a r r e s t t e s t s h
th rou gh 2 2 ). One s e c tio n o f the tube cut fo r b u r st te s t in g (L o ca tio n B , T a b le II) co n ta in ed a s p ir a l w ir e w rap m a r k show n p r e v io u s ly in F ig u r e s 11 and 12. M e ta llo g r a p h y o f the d e fe c t r e v e a le d a la y e r o f m a s s iv e h yd rid e about 2 m ils d eep d ir e c t ly u n d er th e c o r r o s io n m a rk (F ig u r e 13). T ube 6 0 6 1 . F r e ttin g c o r r o s io n m a r k s fr o m th e top and bottom fu e l e le m e n t end b r a c k e ts w e r e e x a m in e d . F o r a 1-m o n th o p e r a tin g p e r io d a P u -A l e le m e n t w ith w id e r end b r a c k e t su p p o rt lu g s w a s in th is tu b e . T h e s e lu g s w e r e 1 /4 -in c h w id e v e r s u s a n o r m a l 1 / 1 6 -in c h w idth. The c o r r o s io n m a r k s fr o m the n a r r o w lu g s m e a s u r e d 3 m ils deep at the top su p p ort m a r k and 6 .5 m ils d eep at th e b o tto m su p p ort m a r k . T h e s e m a r k s HW-73698 REV o c c u r r e d in a 2 -w e e k o p e r a tin g p e r io d and th e r e w a s a s lig h t in c r e a s e in the h y d ro g en co n ten t u n d er the top m a rk and v e r y l i t t l e , if an y, in c r e a s e un d er th e lo w e r m a r k . T h is h y d ro g en w a s in the fo r m of p la t e le ts a s c o m
p a red to the g r a n u la r typ e in F ig u r e 18 (F ig u r e s 23 th rou gh 2 8 ), T he m a x i m um p e n e tr a tio n of the w id e lu g s w a s l e s s than 1 /2 m il (F ig u r e 2 9 ).
H o w e v e r , the fu e l e le m e n t w a s r e m o v e d and r e p la c e d at le a s t on ce du rin g the 1 -m o n th o p e r a tin g p e r io d ; th e r e f o r e , th e m a x im u m tim e any one lu g cou ld h ave b een in c o n ta c t w ith the tube w a ll w a s a p p r o x im a te ly .2 o p e r a tin g
w e e k s .
T ube 5 5 2 9 . A lo w e r fu e l e le m e n t end b ra ck et su p p ort m a rk and an in d iv id u a l rod w ir e w rap m a r k n e a r th e lo w e r su p p ort m a r k w e r e e x a m in e d .
B oth m a r k s had the a p p ea ra n ce o f a co n to u r r e li e f m ap w ith th r e e p la te a u s .
T he m a x im u m depth of th e su p p ort m a r k w a s 5 m i l s . A la y e r o f m a s s iv e hyd rid e about 2 m il s deep w a s found u n d er the su p p ort m a rk (F ig u r e s 30 and 3 1 ). O nly a s lig h t in c r e a s e in h y d ro g en w a s found un d er the w ir e
w rap m a r k .
C r e v ic e C o r r o s io n o f the U p p er F la n g e D u r in g th e June 1961 I n sp e c tio n o f th e p r e s s u r e tu b e s , it w a s n o ted that a ll 85 tu b e s had a r e a s of c r e v ic e c o r r o s io n w h ere the s t a in le s s s t e e l sp ir a l-w o u n d , a s b e s t o s -f ille d g a s k e ts c o n ta c t the top p o rtio n of the fla n g e . T h e s e a r e a s v a r ie d fr o m s m a ll p a tc h e s to a 1 / 1 6 -in c h -w id e r in g around
the e n tir e top o f th e fla n g e . C lose-U p View of F ra c tu re A rea from F igure 8 (Note s h e a r a re a on inner and outer surface n e a r point of failure, estim ated to be 30% of wall th ic k n e s s .) ' r *W '*'
F ig u r e 32 sh o w s a ty p ic a l c r o s s s e c tio n o f a fla n g e . T h is is a s c r e w e d fla n g e w ith tw o s e a l w e ld s . T he top w e ld h a s a m in im u m o f 0 .0 2 0 -in c h p e n e tr a tio n and is in c o n ta c t w ith th e p r im a r y c o o la n t. E x c e s s iv e c o r r o s io n at th e top s e a l w e ld co u ld p e n e tr a te into the th r e a d s and p o s s ib ly c a u s e a b lo w -o u t o f th e lo w e r s e a l w e ld . T w o p r e s s u r e t e s t s w e r e run on u n ir r a d ia te d fla n g e s that w e r e m a c h in ed to a llo w p r e s s u r e to be a p p lied to the th r e a d s . T h e s e fla n g e s w e r e h e ld in a fix tu r e s im ila r to th e in -r e a c t o r c o n n e c tin g jo in t. T he lo w e r s e a l w e ld s ta r te d to le a k at 2200 p s ig at 550 F in d ic
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